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THIS LANDSCAPE-SCALE APPROACH..
..applies watershed evaluation criteria
in the assessment of current and
potential salmon and steelhead
habitats to inform watershed-based
fish passage restoration strategies.
Study Area: Puget Sound
35,550 sq. km. 
[image: WDFW, 2011]
27,335 sq. km.
[image: Geoscience News, 2016]
Umbrella species concept for fish passage
Ubiquitous
juveniles use small to medium streams, steep gradients 
Rearing-limited
Up to 7 years in freshwater
umbrella species have spatially broad resource requirements; 
protection of their habitats is assumed to protect the habitats 
of other co-occurring species (Roberge & Anglestam, 2004)
Puget Sound steelhead
[image: NOAA, 2015]
Watershed Evaluation Criteria #1: 
Intrinsic Potential for Steelhead Rearing
 Species-specific
 Varies for rearing and spawning
[image: Oregon State University, 2016]
Steelhead Habitat Suitability Curves 
[Burnett et al., 2007]
Index score  based on 
relationship between 
stream attribute and 
juvenile steelhead use
Watershed Evaluation Criteria #2: 
Impervious Surfaces
Correlated with aquatic conditions that 
negatively impact salmon and steelhead
–Stream temperature
–Channel stability
–Nutrient loading
–Aquatic biodiversity
Puget Sound’s 92 HUC 10 Boundaries
Watershed Units – US Geological Survey’s ‘HUC’
Gradient barriers 
Contiguous stream reaches exceeding 
20% gradient for 160 meters
Modeled gradients (not field-verified)
Intrinsic Potential Calculations –
Natural Barriers
Modeled stream reaches upstream of 
natural barriers were removed
[image: WDFW, 2012]
Natural point barriers
3.7 meter vertical drop 
(Powers & Orsborn, 1984)
Field-verified
1,222 total from 8 different 
data sources
Intrinsic Potential Calculations –
Natural Barriers
Modeled stream reaches upstream of 
natural barriers were removed
[image: WDFW, 2016]
Intrinsic Potential Calculations –
Density
10 meter DEM → TerrainWorks → IP index values
IP index value * length of reach = IP meters (IPm)
∑ [IPm] / area of HUC 10 = IP Density 
Normalized: 0 to 1
Impervious Surface Calculations –
Percentage of Land Cover
Cell Area * IC Coefficient = Area of impervious surfaces for that cell
∑ [Area of Impervious Surface] / Area of HUC 10 = Percentage of 
Impervious Surfaces

Limitations/Recommendations
Intrinsic Potential
 ‘Quality’ of habitat
 Natural point barriers - field verified only
 Effects of climate change and urbanization on future 
hydrologic conditions
Impervious Surfaces
 ‘Effective impervious’
 Threshold
Puget Sound study: high quality stream buffer can 
maintain fish diversity in watersheds with up to 15% 
imperviousness (Horner & May, 1999) 
Impervious surfaces as an indicator of 
road density
1997 - effects of urbanization on Puget Sound 
lowland streams study: positive correlation 
between road density and the % of a 
watershed’s total impervious area (May, et al.)
1994 - City of Olympia report: >60% of 
watershed imperviousness in suburban areas 
is transportation related 
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